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Introduction
This contribution presents our views on the remaining aspects of L3 mobility measurements. 
RS-SINR
	Agreements:
IMR for SSS based RS-SINR shall be down-selected from the following alternatives:
· Alt 1: PBCH DMRS 
· Alt 2: The RS used for RSRP measurement (i.e., SSS + potentially PBCH DMRS)
· No RRC impact is expected 

Agreements:
IMR for CSI-RS based RS-SINR for RRM shall be down-selected (if any) from the following alternatives:
· Alt 1: CSI-RS REs used for the RSRP measurement 
· Alt 2: interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped 
· No RRC impact is expected



During discussion in RAN1 #90 in Prague, the common understandings was that SS based RS-SINR and CSI-RS based RS-SINR were agreed for NR since LTE has CRS based RS-SINR (introduced in Rel. 13). As also further discussed in RAN1 #90b, the use cases for LTE CRS based RS-SINR are for signal strength bar display in the phone and for RAN4 testing. It is worth noting that LTE CRS based RS-SINR measurement is for connected state only. In addition, it does not need to take into account for beamforming impact. For NR, the measurement is much challenging due to beam-forming properties especially for above-6GHz. Without proper selecting IMR for IM measurement and without averaging IM measurements to capture the impact of different Tx beams from the neighbour cells, IM measurement might not reflect the real interference scenarios. Hence, such beam-forming impact on the measurement should be carefully studied. In our view, none of IMR alternatives in the current agreements could properly capture the Tx beam-forming impact from neighbour cells. As a result, we make the following proposal. 
Proposal 1: SS based RS-SINR and CSI-RS based RS-SINR for RRM are not specified in Rel. 15. 




UE Rx beam set

	Agreements
· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier
· Different sets of RX beams can be used in measurements based on different measurement objects
· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object
· FFS
· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set
· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set
· Other alternatives are not precluded




We consider two cases in the definition of UE Rx beam set for the purpose of measurements: (1) when multiple UE Rx beams are available on a receive diversity branch; and (2) when different UE Rx beams are used for different receive diversity branches (see RAN 4 response in [3]).  
For the case where UE selects multiple UE Rx beams for measurements on a receive diversity branch, the UE shall report the maximum among measurements obtained using the UE selected Rx beam set for RRM measurements. 
We propose the following for combining the signals for reporting.
[bookmark: _Hlk494703740][bookmark: _Hlk494718007]Proposal 2: When multiple UE RX beams are used for measurements on a single receive diversity branch, the measurement reported shall be the maximum among measurements obtained using UE selected RX beams for RRM measurements.
For the case where, different UE Rx beams are used for multiple receiver branches, RAN 4 has clearly stated their opinion that when multiple receiver branches are used in the measurement the reported value shall not be lower than the corresponding RSRP of any of the individual branches.  
[bookmark: _Hlk494703772]Proposal 3: When multiple receiver branches are used in the measurement the reported value shall not be lower than the corresponding measurement of any of the individual branches.
RSSI time-domain measurement for SSB based RSRQ
For the default RSSI time-domain measurement resource, the following alternatives were discussed in [2]:
· Alt 1: RSSI is measured in all the OFDM symbols in the slot where SSB(s) is detected.
· Alt 2: The 1st N OFDM symbols in all the slots in the SMTC window
· Alt 3: The 1st N OFDM symbols in the slots where SSB(s) is detected
· Alt 4: The OFDM symbols corresponding to the detected SSBs
· Alt 5: N OFDM symbols prior to and including each detected SSB
· In these alternatives, N is fixed in the spec
We evaluate the merits of the above alternatives for default RSSI time domain measurement resources: 
1. A slot may contain two SSBs that may require two different UE Rx beam for measurement. Further, a UE shall use the same UE Rx beam for signal and RSSI measurement. Therefore, Alt 1 and Alt 5 are not suitable. 
2. In C-DRX, it is beneficial to minimize the wake-up duration for signal and RSSI measurement. It is preferred that the both signal and RSSI measurements are close to each other in time and completed within a wake-up. Hence Alt 2 and 3 are not preferred.
3. If signal and RSSI measurements are done on the symbols carrying SSB then RSSI might not estimate the load accurately. RSSI may need to be averaged over different symbols using the same UE Rx beam. Hence Alt 4 and 5 are not preferred.     
Taking these into consideration, it is preferred that a UE shall selects resources to measure RSSI.  
Proposal 4: For the default RSSI time domain resources, it is up to UE to select N OFDM symbols within the SMTC window for the purpose of RSSI measurement. 
Another remaining issue is the configuration of the RSSI time-domain measurement resources. The following was discussed in [2]. 
· The set of OFDM symbols to be down-selected among:
· Option 1: the OFDM symbols are all the OFDM symbols in the configured slot
· Option 2: the 1st M OFDM symbols in the configured slot, where M is fixed in the spec
· Option 3: a set of consecutive m OFDM symbols in the configured slot, where m is configurable
Network can configure time domain resources for RSSI measurement. The configuration shall include the RSSI measurement location (slot/symbols) within the SMTC window and number of OFDM symbols to measure. 

[bookmark: _Hlk498418411]Proposal 5: If network provides a configuration of RSSI time domain measurement resources in RRC connected mode, network configures a set of consecutive m OFDM symbols in the configured slot(s), where m is configurable.
· The network configures the RSSI measurement slot/symbols whose timing is relative to the start of SMTC window.
· Configured RSSI measurement slot/symbols are within the SMTC window.

SMTC window duration
The current values of [1, 5] ms for the SMTC window along with additional offsets are sufficient. Additional values for SMTC window duration can be treated as an optimization and can be discussed in future release. 
Proposal 6: NR shall only support [1, 5] ms for the SMTC window duration for Rel. 15. Additional values can be considered for future release(s).
Number of resources for L3 mobility CSI-RS
RAN 4 is currently discussing the number of NR-SS based beams to monitor per cell and number of cells to monitor at a time for RRM. Given that the study is still ongoing, RAN 1 should wait at least until the conclusion of RAN 4 studies. In addition, it is expected that RAN 4 shall extend the study framework to determine the maximum number of resources for CSI-RS based RRM. 
[bookmark: _Hlk498014173]Proposal 7: The maximum number of resources for CSI-RS based L3 mobility shall be discussed in RAN4. 
SSB-based measurement in wideband CC
[bookmark: _Hlk481654588]There are two types of UE in a wideband operation: UE operates in the wideband mode or UE operates in the intra-band contiguous CA mode. To facilitate the operation of UE in the intra-band contiguous CA mode, it is desirable to have separate PSS/SSS/PBCH in each CC, otherwise UE needs to transfer the timing or frequency information from one CC to another CC, which is very complicated. RAN1 #89 made the following agreements on multiple SS block transmissions in wideband CC: 
	Agreements:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration



[image: ]
[bookmark: _Ref492589638]Figure 1 Multiple SS FDM transmission example in wideband CC (8 SS blocks and 4 CCs)
[bookmark: _Hlk492720735]Furthermore, for SS block transmission, NW has the flexibility to transmit or not transmit particular SS block(s). Also, NW can choose a particular beam to transmit in a SS block. From UE perspectives, it is critical to maintain low UE power consumption when UE performs SS block-based measurement, which could be possible by having a short measurement window (e.g., 1ms as being agreed in RAN1 90ah for SMRC window duration) at least for serving cell measurement. In Appendix, we showed that for a dense urban deployment, 95% of the UEs has the SINR larger than -3dB which corresponds to around -17.5dB RSRQ and 50% loading. Hence, most UEs might need to monitor the serving cell quality much more frequently than the neighbour cells.
In wideband CC, a short measurement window could be achieved if some measurement relation could be indicated to UE. More specifically, the measurement of an SS block on frequency location f1 with SS block index i1 can be interchangeable with measurement of another SS block on frequency location f2 with SS block index i2. As the result, UE may replace or average the RSRP measurements on the SS blocks. Figure 1 illustrates an example with 8 SS blocks in each frequency. The measurements of SSBs with the same colour could be interchangeable. If UE can process wideband signals, UE can measure 4 SS blocks at the same time. Therefore, UE might need a very short measurement window to complete measurement of all 8 SS blocks. The design example in Figure 1 could allow the UE to reduce its measurement window by 75%.
[bookmark: _Hlk498707225]Proposal 8: At least for CONNECTED mode, the network can indicate to UE that the measurment of an SS block on frequency location f1 with SS block index i1 can be interchangeable with measurement of another SS block on frequency location f2 with SS block index i2.

Proposal 9: At least for CONNECTED mode, when the network indicates to UE that the measurment of an SS block on frequency location f1 with SS block index i1 is interchangeable with measurement of another SS block on frequency location f2 with SS block index i2, the signaling can also indicate whether this holds only for the sering cell or also for all neighbor cells.  
QCL between NR-SS and CSI-RS for L3 mobility
In RAN#AH2, it was agreed that NR supports the following CSI-RS properties for RRM measurement for L3 mobility:
· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused

The QCL between NR-SS and CSI-RS for RRM measurements for L3 mobility is needed for serving as well as neighbor cell(s). For CSI-RS based L3 mobility, UE detects NR-SS blocks of a cell and then use the QCL relation between NR-SS and CSI-RS (provided by the network) to beamform towards detected NR-SS direction(s) to measure corresponding CSI-RS resources. This reduces UE search complexity.

Proposal 10: Network shall provide QCL relation between NR-SS block and CSI-RS for serving and neighbour cell(s) to assist in RRM measurements for L3 mobility.
Summary
Based on the above discussions, the following proposals have been made:
Proposal 1: SS based RS-SINR and CSI-RS based RS-SINR for RRM are not specified in Rel. 15.
Proposal 2: When multiple UE RX beams are used for measurements on a single receive diversity branch, the measurement reported shall be the maximum among measurements obtained using UE selected RX beams for RRM measurements.
Proposal 3: When multiple receiver branches are used in the measurement the reported value shall not be lower than the corresponding measurement of any of the individual branches.
Proposal 4: For the default RSSI time domain resources, it is up to UE to select N OFDM symbols within the SMTC window for the purpose of RSSI measurement. 
Proposal 5: If network provides a configuration of RSSI time domain measurement resources in RRC connected mode, network configures a set of consecutive m OFDM symbols in the configured slot(s), where m is configurable.
· The network configures the RSSI measurement slot/symbols whose timing is relative to the start of SMTC window.
· Configured RSSI measurement slot/symbols are within the SMTC window.
Proposal 6: NR shall only support [1, 5] ms for the SMTC window duration for Rel. 15. Additional values can be considered for future release(s).
Proposal 7: The maximum number of resources for CSI-RS based L3 mobility shall be discussed in RAN4. 
Proposal 8: At least for CONNECTED mode, the network can indicate to UE that the measurment of an SS block on frequency location f1 with SS block index i1 is interchangeable with measurement of another SS block on frequency location f2 with SS block index i2.
Proposal 9: At least for CONNECTED mode, when the network indicates to UE that the measurment of an SS block on frequency location f1 with SS block index i1 is interchangeable with measurement of another SS block on frequency location f2 with SS block index i2, the signaling can also indicate whether this holds only for the sering cell or also for all neighbor cells.  
Proposal 10: Network shall provide QCL relation between NR-SS block and CSI-RS for serving and neighbour cell(s) to assist in RRM measurements for L3 mobility.
Appendix
Figure 2 provides the CDF of SINR for UEs in a dense urban deployment. Assuming we have RSRQ level 5 which is a typical setting for RSRQ in practice. RSRQ level 5 corresponds to RSRQ around -17.5dB, which maps to SINR = -6dB when there is 100% loading, and SINR = -3dB when there is 50% loading. It is shown that ~95% of UEs has SINR higher than -3dB.
[image: ]
[bookmark: _Ref492919694]Figure 2: SINR CDF for dense urban deployment
[bookmark: _Ref494724948][bookmark: _Ref484982678][bookmark: _Ref487543755]Related Agreements
In RAN1#AH3, the following were agreed on measurements for L3 mobility:

Agreements:
· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier
· Different sets of RX beams can be used in measurements based on different measurement objects
· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object
· FFS
· [bookmark: _Hlk494703377]Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set
· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set
· Other alternatives are not precluded

Agreements:
· Candidate value(s) for SMTC window duration
· At least 1ms, 5 ms are supported
· FFS other values 

Agreements:
· At least for inter-frequency measurement, SS block based RSSI measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec
· At least for inter-frequency measurement, SS block based interference measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec

Agreements:
· [bookmark: _Hlk494704259]Study further between the two alternatives on the type of the RSSI measurement resource in time domain: 
· Alt 1: RSSI is measured within the resource without considering whether the resource is DL or UL or both
· Alt 2: RSSI is measured only within the DL part
· Note: UE at least knows that the OFDM symbols corresponding to the SS block locations indicated in the RMSI is for DL
· Note: Identification of the DL part of a slot of a serving/selected cell for the RSRQ measurement purpose, if necessary, will follow the decisions from the control sessions
· Study further among the following alternatives on the configurability of the RSSI measurement resource in time domain: 
· Alt a: The resource is predefined in the spec
· [bookmark: _Hlk494704341]Alt b: The resource is explicitly configured in the SI for IDLE mode measurements and in the RRC signaling for CONNECTED mode measurements
· Alt c: UE detects RSSI measurement resource
· Alt d: The resource is implicitly derived by other parameters in SI, e.g., the actually transmitted SS blocks indicated in RMSI
· To down select, consider applicability of these alternatives for inter & intra frequency measurements, IDLE & CONNECTED mode and initial cell selection
In RAN1#88b, the following were agreed on measurements for L3 mobility:

Agreements:
· [bookmark: _Hlk481657359]The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.
· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block
· FFS: Note: timing synchronization between CSI-RS and SS block of the cell is assured. Timing synchronization refers to frame/slot/symbol timing.
· NR cell ID for time reference of CSI-RS(s) is informed to the UE

In RAN#89, the following were agreed on measurements for L3 mobility:

Agreements:
· At least the following properties of a CSI-RS for L3 mobility can be signalled to the UE using dedicated signaling:
· NR Cell ID
· timing configuration, including time offset and periodicity
· number of antenna ports
· configurable time/frequency resource to indicate RE mapping
· configurable transmission/measurement bandwidth 
· Note: it relates to wideband operation
· parameters for sequence generation
· FFS: configurable numerology
· FFS: Spatial QCL assumption e.g. QCL between SS block and CSI-RS
· FFS: Which parameters are common or partial-common to multiple CSI-RSs
· FFS: Serving cell assists to derive the reference time of target cell in synchronous system

[bookmark: _Hlk490044263]In RAN#AH2, the following were agreed on measurements for L3 mobility:
Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Configurable periodicity (as already agreed)
· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)
· FFS candidate values
· Configurable measurement bandwidth (as already agreed) and frequency location
· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
· FFS other candidate values for wider bandwidth for each SCS
· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported
· Configurable parameters for sequence generation 
· Configurable numerology
· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported
· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)
· CSI-RS design including RE mapping and density for beam management is assumed as baseline
· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties

In RAN#90, the following were agreed
Agreements:
· Sequence design used for CSI-RS for beam management is baseline
· For CSI-RS based RRM measurement for L3 mobility, CSI-RS sequence seed to generate CSI-RS sequence is UE-specifically configured
· FFS: sufficient CSI-RS sequence seed size for L3 mobility

Working assumptions:
· Design of [1 or 2] port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility
· Values of D for CSI-RS for beam management are reused for CSI-RS for L3 mobility
· FFS: maximum number of CSI-RS resources in total for L3 mobility that can be configured to a UE
· For one cell, all CSI-RS resources for L3 mobility are confined to X slot(s)
FFS: value of X

In RAN#90b, the following were agreed

Agreements:
· Keep the terminologies as in TS38.215 for the following measurement quantities:
· SS-RSRP
· SS-RSRQ

Agreements:
· CSI reference signal received quality (CSI-RSRQ) is defined as the ratio (N×CSI-RSRP)/ CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator are made over the same set of resource blocks.
· FFS: Additional support of the following. The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the CSI-RSSI measurement BW can be differently configured from the CSI-RS measurement BW.
Agreements:
· Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio N×(SS block RSRP)/(NR carrier RSSI), where N is the number of RB’s of the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator are made over the same set of resource blocks.
· FFS The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the SS-RSSI measurement BW can be differently configured from the SS measurement BW.
Agreements:
· SS received signal strength indicator (SS-RSSI), comprises the linear average of the total received power (in [W]) observed in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 
· Measurement time resource(s) are confined within SMTC window duration(s).

Agreements:
· The SMTC configuration provided for IDLE mode per frequency carrier corresponds to one of the two SMTC configurations for the CONNECTED mode for the same carrier frequency. 

Agreements:
· At least single-port CSI-RS resources, following the same design already agreed for BM, can be configured to be used for L3 mobility 
· CSI-RS for L3 mobility is separately configured from that for BM

Agreements:
· Default RSSI time-domain measurement resource is supported, where a pre-determined (i.e., fixed in the spec) set of OFDM symbols are used taking into account OFDM symbols associated with detected SSBs
· FFS details
· A set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier by OSI for IDLE, by RRC for CONNECTED. A set of OFDM symbols in the configured slot are used taking into account OFDM symbols associated with detected SSBs.
· This is supported at least for intra-frequency measurement for both IDLE and CONNECTED; and inter-frequency measurement for CONNECTED
· FFS the applicability for IDLE mode inter-frequency measurement
· FFS details
Agreements:
· L3 mobility CSI-RS is based on the CSI-RS configuration framework for the BM 
· FFS the details, e.g., tailoring some or all the BM parameters (e.g., resource settings, resource sets, and resources; and corresponding parameters) for L3 mobility needs
Agreements:
· CSI received Signal Strength Indicator (CSI-RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.
· Measurement time resource(s) for CSI-RSSI corresponds to OFDM symbols containing L3 mobility CSI-RS.
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